Development and characterization of meter
scale gas jets suitable for 210 GeV electron
acceleration in HOFI plasma channels
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- A gas jet ~30 cm long and a plasma electron density of ~10"” cm= meets
the conditions for a 10 GeV electron beam [06]

- We would like to measure gas density without a drive laser to test gas jets
before high power campaigns

- We would like to measure the uniformity of the gas jet used in our |
channel campaigns

.- Generating multi-GeV
beams is possible with
PW-class lasers [1] but
requires an accelerator
many Raleigh lengths long

* Plasma waveguides can
combat diffraction of the
drive laser

« Hydrodynamic Optical
Field lonization (HOFI)
channels are particularly

OFI

Gas Jet Requirements Measurement Challenges

 HOFI channels from 30cm gas jet enabled
generation of quasimonoenergetic electron beams
up to 9 GeV, with energy tails up to 10.2 GeV
(see talk A. Picksley)

Molecular density of 25 x 10" cm™
since density drops by factor of ~10
during HOFI| channel formation

Transverse interferometry is
challenging due to aspect ratio of gas
jet

Uniform gas density along length of jet Longitudinal interferometry does not

tshuelt;I;Iree\:c\g\ﬁgt:lgg;; Igﬁz ‘;" to probe physics of uniform LPA provide density distribution along gas
provide an appropriate g— stages jet length

plasma density gradient [2- :'%’v Future work envisages tapered Low density (required for meter scale
5] 21 plasma channels via controllable gas HOFI channels) results in lower signal-

density profile [7,8] to-noise

Momentum (Gev/c)

Measuring the gas density profile of meter-
scale gas jets

A path towards controllable density gas jets

6l — 5 """{”}}N"'§\ 1500 . We found a strong correlation between gas jet
TE IS /7@ —— throat width and gas density
Gas S ) | -150}3’ . A uniform gas density was achieved for a 30
S 4 — | 5 cm gas jet, which will allow us to study the
Z > hysics of a uniform LPA
%a — - — — —— = 1004&; pny
O
o 2 —+ +- =
. o o — 5 s 5
~ | == 6mm —$— 10 mm Q
< ~—$— 8mm —— 12 mm
0 50 100 150 200 250 0 S
ty HASO 680 Wavefront length along jet (mm) 5
Sensor Distances in legend represents the maximum density of the gas jet
. at certain heights above the jet. T N S s’
' | ~Non-Uniform | | e e e &g
107 - 6mm “—#= 10 mm /\\ Microscope image of gas jet throat
— V4
TE 3 —— 8mm —— 12 mm /;I/ 1200°¢
™ * =
. i i ~ ’ ' G .4 52 = . . .
A th('j” metal p'?(te W'”; a Tlma” ( fef;/v cm tf) hole Is S l1505 . Leveraging throat width variation allows for
use _qu a rr;a?c tr;[o on y-at ow gas flow above a S 6 N E tapered gas jets
SPECINIC part ot the gas je | 2, 100% . Tapering can prevent dephasing and increase
- By blocking most of the gas flow with the mask, the 2 2 electron energy [7,8]
longitudinal gas density profile can be measured A - - W
gngl '9 s y pd'ff e ] 50 4 . First attempt demonstrated control over
and vacuum, the density of the gas can be . 1 - . 1 -
SO y J 0—50p 100 150 200 250 300°
determined length along jet (mm)
15.0 lz 0 Conclusion and future work References
-
,é 12.5 L1 5 % [1] A. Gonsalves et. al., Phys. Rev. Lett. 122,
= . : 084801 (2019)
£€10.0 - We have c_levc_eloped a novel drive Ias_.er free_ setup for 21 R. Shalloo et. al., Phys. Rev. E 97, 053203
> ) characterization of meter-scale gas jets suitable for 210 GeV (2018)
7.5 0.5 electron beam LPAs. [3] A. Picksley, Phys. Rev. E 102, 053201 (2020)
. We demonstrated control over the longitudinal density [4] ('é-ozg‘)jer etal., Phys. Rev. Research 2, 043173
5.0 0.0

profile, paving the way for experiments studying tapered
plasma channels

[5] B. Miao et al., Phys. Rev. X 12, 031038 (2022)
[6] Shrock, J. E., et al. Physics of Plasmas, 29.7

. Manufacturing an adjustable slit width gas jet optimized for (2022).
Raw phase data of gas density from a 30cm long jet. Y =0 is : [7] W. Rittershofer et. al., Phys. Plasmas17, 063104
at the height of the gas jet. X = 0 is at the center of the gas jet. BELLA PW parameters could increase electron energy and (2010)

enable tapering studies [8] C. Aniculaesei et. al., Sci Rep 9, 11249 (2019)

This work was supported by the U.S. Department of Energy (DOE), Office of Science, Offices of High Energy Physics, DARPA, and

used the computational facilities at the National Energy Research Scientific Computing Center (NERSC) under Contract No. DE-
AC02-05CH11231 and OLCF (DE-AC05-000R22725).




